Rationale Previous research suggests both genetic and environmental influences on substance abuse vulnerability. Objectives The current work sought to investigate the interaction of genes and environment on the acquisition of amphetamine self-administration as well as amphetamine-stimulated dopamine (DA) release in nucleus accumbens shell using in vivo microdialysis. Methods Inbred Lewis (LEW) and Fischer (F344) rat strains were raised in either an enriched condition (EC), social condition (SC), or isolated condition (IC). Acquisition of amphetamine self-administration (0.1 mg/kg/infusion) was determined across an incrementing daily fixed ratio (FR) schedule. In a separate cohort of rats, extracellular DA and the metabolite 3,4-dihydroxyphenylacetic acid (DOPAC) were measured in the nucleus accumbens shell following an acute amphetamine injection (1 mg/kg). Results "Addiction-prone" LEW rats had greater acquisition of amphetamine self-administration on a FR1 schedule compared to "addiction-resistant" F344 rats when raised in the SC environment. These genetic differences were negated in both the EC and IC environments, with enrichment buffering against self-administration and isolation enhancing selfadministration in both strains. On a FR5 schedule, the isolation-induced increase in amphetamine selfadministration was greater in F344 than LEW rats. While no group differences were obtained in extracellular DA, gene× environment differences were obtained in extracellular levels of the metabolite DOPAC. In IC rats only, LEW rats showed attenuation in the amphetamine-induced decrease in DOPAC compared to F344 rats. IC LEW rats also had an attenuated DOPAC response to amphetamine compared to EC LEW rats.
Introduction
Evidence indicates that risk for substance use and abuse is, at least in part, heritable. Human twin studies have established a genetic link for alcohol abuse and dependence as well as for abuse of cannabis, sedatives, stimulants, cocaine, opiates, hallucinogens, and tobacco smoking (Kendler et al. , 2000 ,the magnitude of genetic influence (Harden et al. 2008; Hopfer et al. 2003; Kendler et al. 2000; Kendler and Prescott 1998a, b; Legrand et al. 1999; Lynskey et al. 2002; Maes et al. 2004) .
Gene×environment interactions in substance abuse have been shown in both human and nonhuman primates (Barr et al. 2003 (Barr et al. , 2004 Nilsson et al. 2007a Nilsson et al. , b, 2010 Sluyter et al. 2000) ; however, less is known based on rodent models. In one study, a gene×environment interaction was demonstrated in apomorphine susceptible and nonsusceptible rats tested in the presence or absence of stress (van der Kam et al. 2005 ). Rodent models offer many advantages for these investigations, as they offer the greatest control over both environmental and genetic manipulations. Inbred rat strains offer a diversity of characterized phenotypes (traits), which are useful in analyzing critical determinants of behavior (Crabbe 2008; Crabbe and Belknap 1992; Marley et al. 1992) . They are especially useful for the study of gene× environment interactions. By holding environmental factors constant in behavioral experiments, between-strain differences in behavioral responses may be attributed to differences in genotype between strains (Crabbe 2008; Crabbe and Belknap 1992; Marley et al. 1992) . Within inbred strains, individual differences are not allelic and can be attributed to environmental factors (Crabbe 2008) .
Among various commercially available inbred rat strains, Lewis (LEW) and Fischer (F344) inbred strains differ on a wide variety of behavioral and physiological measures as well as sensitivity to drugs of abuse. Some reports have shown that LEW strains have greater locomotor activity than F344 strains following acute doses of amphetamine (Gulley et al. 2007; Miserendino et al. 2003) . In contrast, others have shown that LEW strains have a lower locomotor response to amphetamine compared to F344 strains as well as a lower response to the rewarding effects of amphetamine as assessed by conditioned place preference (George et al. 1991; Stöhr et al. 1998) . Despite these inconsistencies, compared to F344 strains, LEW strains are characterized as "addiction prone" due to LEW strains acquiring cocaine, methamphetamine, amphetamine, and food self-administration more rapidly and at higher rates than F344 strains (Kearns et al. 2006; Kosten et al. 1997; Kruzich and Xi 2006; Meyer et al. 2010) .
For examining potential gene×environment interactions in LEW and F344 strains, the environmental enrichment procedure may be useful. In this model, postweaning rats (21 days of age) are raised either in an enriched condition (EC), with social cohorts and novel objects, or in an isolated condition (IC) without cohorts or objects (Stairs and Bardo 2009) . A third social condition (SC) is often included, where rats are housed in a group with no objects. Similar to studies using LEW and F344 strains, differences between EC and IC rats in acquisition of drug self-administration have been investigated. At low unit doses, EC rats self-administer less amphetamine and cocaine compared to IC rats (Bardo et al. 2001; Green et al. 2002 Green et al. , 2010 . EC rats also self-administer oral alcohol at lower rates than IC rats (Deehan et al. 2007) . While these results indicate that enrichment protects against drug self-administration, it is not known if this environmental influence affects LEW and F344 strains differentially.
Given the strain-and environment-dependent differences in behavioral response to drugs of abuse, a number of studies have attempted to identify neurochemical differences between L E W a n d F 3 4 4 r a t s a n d E C a n d I C r a t s . T h e mesocorticolimbic dopamine (DA) system is known to be associated with brain reward circuitry and thus has been studied intensely to understand the mechanisms of drug reward (Wise and Rompre 1989) . In outbred rat strains, both amphetamine and methamphetamine increase extracellular DA levels in nucleus accumbens (NAc) and medial prefrontal cortex (mPFC), while decreasing the DA metabolites 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) in both structures (During et al. 1992; Maisonneuve et al. 1990; Moghaddam et al. 1990; Shoblock et al. 2003) . Both strain-and environment-dependent differences in extracellular DA have been investigated. In LEW and F344 rats, no strain differences in basal levels of DA have been found in NAc (Cadoni and Di Chiara 2007; Fernandez et al. 2003; Mocsary and Bradberry 1996; Strecker et al. 1995) . When challenged with amphetamine (0.25-1.0 mg/kg, s.c.), however, increases in NAc core DA were significantly higher in LEW than in F344 rats at all doses tested (0.25, 0.5, and 1.0 mg/kg, s.c.), whereas increases in NAc shell DA were higher in LEW compared to F344 rats at the lowest dose (0.25 mg/kg) only (Cadoni and Di Chiara 2007) . In EC and IC rats, EC rats show greater basal levels of DA in NAc compared to IC rats (Segovia et al. 2010) . EC rats also show greater amphetamine-induced DA release in NAc (Bardo et al. 1999) . However, it is not known if environmental influences affect amphetamine-stimulated neurochemical mechanisms in LEW and F344 rats differentially.
In the current work, we hypothesized that enrichment would be more protective in addiction-prone LEW than in "addiction-resistant" F344 rats. To assess the potential underlying neural mechanisms, amphetamine-stimulated extracellular levels of DA and DOPAC were also measured in the shell of NAc in differentially reared LEW and F344 rats.
Materials and methods

Animals
Male 21-day-old LEW and F344 inbred rats (Harlan Industries, Indianapolis, IN) had free access to food and water in their home cage and were maintained in a colony room on a 12:12-h light/dark cycle. Behavioral testing was conducted during the light cycle. Experimental protocols followed the NIH guide for the care and use of laboratory animals and were approved by the Institutional Animal Care and Use Committee at the University of Kentucky.
Environmental conditions
Upon arrival, rats from each strain were divided randomly into EC, IC, or SC environments. EC rats were housed together by strain in stainless steel cages (60×120×45 cm) with 14 plastic objects (commercially available toys, plastic containers, tubes, etc.) in the cage. Seven objects were replaced daily, and objects were rearranged to create a novel configuration. IC rats were housed individually in hanging stainless steel cages (17×24×20 cm) with wire mesh floors and front panels as well as solid metal walls and top panels. SC rats were housed together by strain in stainless steel cages (60×120×45 cm). Drugs D-Amphetamine sulfate (Sigma, St. Louis, MO) was prepared in 0.9 % NaCl (saline). The dose was calculated based on the salt weight.
Amphetamine self-administration
Apparatus Amphetamine self-administration was conducted in two-lever operant conditioning chambers (ENV-001; Med Associates, St Albans, VT). End walls of the operant chamber were aluminum, the front and back walls were clear Plexiglas, and the floor was 18 stainless steel rods. A recessed food tray was located in the bottom center of one wall, with a response lever located on each side. White cue lights (28 V) were located 6 cm above each response lever, and a 28-V white house light was centered 20 cm above the floor on the opposite wall. An infusion pump (Med Associates) delivered drug via a Silastic tube attached to a swivel.
Procedure
Catheter implantation On postnatal day (PND) 63 or 64, rats were anesthetized (80 mg/kg ketamine, 5 mg/kg diazepam, i.p.) and implanted with indwelling Silastic jugular catheters secured to acrylic head mounts as described previously (Meyer et al. 2010 ).
Phase 1: acquisition Acquisition of amphetamine selfadministration was initiated using an autoshaping procedure in order to ensure uniform, programmed exposure to amphetamine within and between groups, with no prior lever training (Carroll and Lac 1993) . For seven consecutive days, rats were given a 60-min autoshaping session, followed 30 min later by a 60-min contingent amphetamine self-administration session.
During the autoshaping session, the house light was illuminated and an inactive lever (no programmed consequence, counterbalanced for position across rats) was extended throughout the session. For the first 15 min of each autoshaping session, an active lever was extended ten times at random intervals and remained extended for 10 s. If the active lever was pressed, amphetamine (0.1 mg/kg/infusion, 5.9-s duration, 0.1 ml volume) was delivered immediately; if the active lever was not pressed, a noncontingent infusion of amphetamine was delivered when the lever retracted. For the remaining 45 min of the session, only the inactive lever was extended.
For subsequent contingent amphetamine selfadministration sessions, both levers (active and inactive) were extended and infusions of amphetamine were contingent on pressing the active lever using fixed ratio 1 (FR1); each reinforced response was followed immediately by a 20-s interval during which both cue lights above the levers were illuminated and responding on either lever was not reinforced. Following 7 days of autoshaping and amphetamine self-administration, rats underwent three additional days of contingent 60-min self-administration sessions alone (FR1/20-s time-out).
Phase 2: incremented FR schedule Daily 60-min self-administration sessions continued, and the schedule of reinforcement was incremented from FR1 to FR5, with rats spending three consecutive sessions on each FR value. The unit dose of amphetamine during this phase remained at 0.1 mg/kg/infusion (0.1 ml, 5.9-s duration), with a 20-s signaled time-out.
Microdialysis
Apparatus Microdialysis was conducted in individual Plexiglas chambers (25×44×38 cm) with pine bedding. A swivel and tether system (BAS, Indianapolis, IN) was attached to the side of each chamber and connected to a microsyringe pump (model KDS250; KD Scientific).
Procedure
Cannula implantation For microdialysis, a separate cohort of rats underwent cannula implantation on PNDs 63-65. Rats were anesthetized (80 mg/kg ketamine, 5 mg/kg diazepam, i.p.) and placed in a stereotaxic apparatus (Stoelting, Wood Dale, IL). Guide cannula (MD-2251, 22 gauge; BAS) was implanted unilaterally in NAc shell (A=1.6, L=0.8 from bregma, and V=5.8 from dura) according to the atlas of Paxinos and Watson (2007) . To maintain the guide cannula's viability through the duration of the experiment, rats in the EC and SC environments remained in their group environments from 8:00 a.m. to 5:00 p.m. but were individually housed overnight.
In vivo microdialysis Microdialysis took place on PNDs 67-74. On each day of testing, one rat from each strain and environmental condition was tested and counterbalanced across testing chambers. Microdialysis probes (MD-2200, 2-mm active membrane; BAS) were inserted into the guide cannula, connected to PE tubing (inner diameter of 0.12 mm, internal volume of 1.2 μl/100 mm length), and aligned through a wire set with a collar connector and swivel assembly. Artificial cerebrospinal fluid (145 mM NaCl, 2.7 mM KCl, 1.0 mM MgCl 2 , 1.2 mM CaCl 2 ; pH adjusted to 7.3-7.4 with 2 mM sodium phosphate buffer) was perfused through the probes at a rate of 1.2 μl/min for 3 h prior to collection of baseline samples.
Baseline samples were collected into polyethylene microfuge tubes containing 5 μl of 0.1 N perchloric acid at 20-min intervals for 60 min. Rats were then injected with saline (s.c.), and samples were collected at 20-min intervals for another 60 min. Rats were then injected with 1.0 mg/kg of amphetamine (s.c.), and the samples were collected at 20-min intervals for 180 min. Samples were immediately frozen on dry ice and stored at −80°C.
Analysis of extracellular DA and DOPAC using highperformance liquid chromatography with electrochemical detection Samples were analyzed for DA and DOPAC levels using high-performance liquid chromatography with electrochemical detection (HPLC-EC; ESA Inc., Chelmsford, MA) using the general methods described previously (Rahman et al. 2008 ) but employing an ESA 542 HPLC autosampler. Mobile phase consisted of 90 mM NaH 2 PO 4 ·H 2 O, 50 mM citric acid, 1.7 mM 1-octanesulfonic acid, 50 μM EDTA, and 10 % acetonitrile, pH 3.0 adjusted with phosphoric acid, with a flow rate of 0.6 ml/min.
Histological examination Rats were sacrificed under anesthesia (150 mg/ml pentobarbital), and probe placements were verified using cresyl violet stain.
Data analysis
For acquisition and incremental FR phases of self-administration, infusions during each session were averaged across groups and analyzed by mixed factor ANOVA (strain×envi-ronment×session). Planned comparisons were performed on the final session of FR1 and the terminal FR5. For the incremental FR phase, data were averaged on the second and third session, as the first session was considered a transition day to adjust to the new schedule.
Basal DA and DOPAC levels were calculated by fitting peak heights to a concentration curve calculated from external standards. Basal levels were then averaged across groups and analyzed using a 2 × 3 (strain × environment) factorial ANOVA. For microdialysis time course, peak height was recorded and expressed as a percent of baseline, defined as the average DA or DOPAC level in three samples prior to the first injection (normalized to 100 %). Time course data were analyzed by a 2×3×15 (strain×environment×time) mixed factor ANOVA.
Extracellular DA and DOPAC levels were also assessed by determining the area under the curve (AUC). Percent change in extracellular DA or DOPAC from baseline, starting from the time of amphetamine injection until the time of the last sample collected, was used in the calculation of AUC using the trapezoidal rule (GraphPad Prism Inc., San Diego, CA). AUC values were analyzed by a 2×3 (strain×environment) factorial ANOVA.
For all analyses, significance was set at p< 0.05, and Bonferroni post hoc tests were used to determine differences between groups.
Results
Amphetamine self-administration
Phase 1: acquisition An overall ANOVA showed a significant main effect of session (F(9, 576)=13.33, p<0.001), indicating that rats increased the number of amphetamine infusions across sessions (Fig. 1, top panel) . There was also a significant main effect of strain (F(1, 64)=4.98, p<0.05), with LEW rats earning more infusions overall compared to F344 rats (p<0.05). A significant main effect of environment was also observed (F(2, 64)=14.22, p<0.001). Post hoc analyses revealed that IC rats earned more infusions overall compared to EC and SC rats (p<0.01). A significant environment×ses-sion interaction was also revealed (F(18, 576) = 5.32, p<0.001). Collapsed across strains, post hoc analyses revealed that IC rats earned more infusions than EC rats on sessions 2-10 (p<0.05; Fig. 1, middle panel) . IC rats also earned more infusions than SC rats on sessions 1-5, 7, 8, 9, and 10 (p<0.05) . SC rats earned more infusions than EC rats on session 9 (p<0.05). Planned comparisons revealed that at the end of the acquisition phase, SC LEW rats earned more infusions than SC F344 rats (p<0.05; Fig. 1, bottom panel) . IC LEW and SC LEW rats earned more infusions than EC LEW rats. Further, IC F344 rats earned more infusions than SC F344 and EC F344 rats (p<0.05).
Phase 2: incremented FR schedule An overall ANOVA revealed significant main effects of FR value (F(4, 208)=3.02, p<0.05), indicating that the overall number of amphetamine infusions decreased across FR values (Fig. 2, top panel) . A significant main effect of environment (F(2, 52)=21.58, p<0.001) was also observed. Post hoc analyses revealed that IC rats earned more overall infusions compared to both SC and EC rats (p<0.05); SC rats also earned more infusions compared to EC rats (p<0.05). A significant strain×FR value interaction was also obtained (F(4, 208) =2.75, p<0.05). Collapsed across environment, post hoc analyses failed to reveal significant differences between strains at any FR value (Fig. 2,  middle panel) ; however, LEW rats showed a decrease in the number of infusions earned on the FR4 and FR5 sessions compared to the FR1 session (p<0.001), whereas the F344 rats did not show this decrease. Also, planned comparisons revealed that at the end of the incremented FR phase (Fig. 2 , bottom panel), IC F344 rats earned more infusions than IC LEW rats (p<0.05), IC LEW rats earned more infusions than EC LEW rats (p<0.05), and IC F344 rats earned more infusions than SC F344 and EC F344 rats (p<0.05). Figure 3 shows the location of probes in the NAc shell of rats included in the analyses.
Microdialysis
Extracellular DA in NAc shell
An overall ANOVA on basal DA levels revealed no significant effect of strain, environment, or strain×environment interaction (Table 1) .
As shown in Fig. 4 (left panel), an overall ANOVA of DA revealed a significant main effect of time (F(14, 504)=47.35, p<0.001), demonstrating an overall increase in extracellular DA following amphetamine. However, there were no significant effects of strain, environment, or strain×environment interaction.
As shown in Fig. 4 (right panel) , an overall ANOVA of AUC values for DA revealed no significant effects of strain, environment, or strain×environment interaction.
Extracellular DOPAC in NAc shell
An overall ANOVA of basal DOPAC revealed a significant main effect of strain (F(1, 36)=11.75, p<0.01) as well as a significant interaction of strain×environment (F(2, 36)=5.64, p<0.01; Table 1 ). Post hoc analyses on strain revealed that Top panel mean (±SEM) number of infusions earned during the autoshaping phase (sessions 1-7) and after autoshaping was discontinued (sessions 8-10). Middle panel mean (±SEM) number of infusions earned during contingent self-administration sessions during the autoshaping phase (sessions 1-7) and after autoshaping was discontinued (sessions 8-10), collapsed across strain. *p < 0.05, indicating a significant difference from EC; #p<0.05, indicating a significant difference from SC. Bottom panel mean (±SEM) number of infusions earned for each group during the final day of acquisition (session 10). #p<0.05, indicating a significant difference between LEW and F344 rats within the SC environment; *p < 0.05, indicating a significant difference from IC within the same strain F344 rats had greater overall basal DOPAC compared to LEW rats (p<0.01) and that IC F344 rats had greater basal DOPAC compared to SC F344 and IC LEW rats (p<0.05).
As shown in Fig. 5a , an overall ANOVA revealed a significant main effect of time (F(14, 504)=170.16, p<0.001), demonstrating an overall decrease in extracellular DOPAC following amphetamine treatment (1.0 mg/kg, s.c.). There were also significant interactions of strain×environment (F(2, 36)= 6.15, p<0.01) and strain×environment×time (F(28, 504)= 2.97, p<0.001).
To clarify the strain × environment × time interaction, individual ANOVAs were conducted for each strain. For LEW rats, the analysis revealed significant main effects of time (F(14, 238)=75.71, p<0.001) and environment (F(2, 17) = 5.98, p < 0.05). Post hoc analyses revealed that overall, IC LEW rats showed greater DOPAC than EC LEW rats. A significant environment×time interaction was also observed (F(28, 238)=2.97, p<0.001; Fig. 5b ). Post hoc comparisons revealed that EC LEW rats had a greater amphetamine-induced decrease in DOPAC compared to IC LEW rats at the following time points: 180, 200, 220, 260, 280, and 300 min (p<0.01). For F344 rats, the ANOVA revealed only a significant main effect of time (F(14, 266)=97.10, p<0.001), with no significant main effect or interaction involving the environment factor. Individual ANOVAs were also conducted for each environment. For EC and SC rats, the ANOVAs revealed only a significant main effect of time (F(14, 168)=61.67, p<0.001, and F(14, 182)=59.16, p<0.001, respectively). For IC rats, however, the ANOVA revealed significant main effects of time (F(14, 154)=51.02, p<0.001) and strain (F(1, 11)=18.43, p<0.001) as well as a significant strain×time interaction (F(14, 154)=6.75, p<0.001; Fig. 5c ). Post hoc comparisons revealed that IC F344 rats had a significantly greater amphetamine-induced decrease in DOPAC compared to IC LEW rats at the following time points : 180, 200, 220, 240, 260, 280, and 300 min (p<0.01 ).
An overall ANOVA of AUC values for DOPAC failed to reveal any significant main effects of strain or environment; however, a significant strain×environ-ment interaction was observed (F(2, 36)=6.88, p<0.01; Fig. 5d ). Post hoc comparisons revealed that IC F344 Fig. 2 Amphetamine infusions during incremented FR schedule. Top panel mean (±SEM) number of infusions earned, averaged across sessions 2 and 3 at each FR value. Middle panel mean (±SEM) number of infusions earned, averaged across sessions 2 and 3 at each FR value, collapsed across environment. *p < 0.05, indicating a significant difference from FR1 of the same strain. Bottom panel Mean (±SEM) number of infusions earned, averaged across sessions 2 and 3 at FR5. #p<0.05, indicating a significant difference between LEW and F344 rats within the IC environment; *p<0.05, indicating a significant difference from IC within the same strain rats had a greater amphetamine-induced decrease in DOPAC compared to IC LEW rats (p<0.05).
Discussion
The current experiments are the first to investigate the effect of differential rearing environments with inbred LEW and F344 rat strains. A gene×environment interaction was observed for amphetamine self-administration as well as for extracellular DOPAC levels in response to acute amphetamine. Behaviorally, LEW rats self-administered more amphetamine than F344 rats when raised in a social environment, but not when raised in either an isolated or enriched environment. Neurochemically, LEW rats also showed attenuation in the amphetamine-induced decrease in DOPAC than F344 rats when raised in isolation, but not when raised in either a social or enriched condition. However, since strain differences in behavior occurred in social housing only whereas strain differences in neurochemistry occurred in isolate housing only, these results suggest no direct relation between amphetamine reinforcement and accumbal DA metabolism.
Consistent with previous research, during acquisition, LEW rats self-administered overall more amphetamine compared to F344 rats (Kearns et al. 2006; Kosten et al. 1997; Kruzich and Xi 2006; Meyer et al. 2010 ) and IC rats selfadministered overall more amphetamine infusions compared to both SC and EC rats (Bardo et al. 2001; Deehan et al. 2007; Green et al. 2002 Green et al. , 2010 . More important, between-strain differences were apparent only in the SC environment, with SC LEW rats self-administering more amphetamine infusions than SC F344 rats at the end of the acquisition phase. Thus, these results demonstrate a gene×environment interaction in Fig. 3 Location of dialysis probes in coronal plane. Location of the dialysis probes (membrane portion) within the NAc shell of animals included in the statistical analyses # p<0.05, indicating a significant difference between strains within environment; *p<0.05, indicating a significant difference from IC within strain amphetamine self-administration because LEW and F344 rats were differentially affected by the environmental housing condition. During the incremented FR phase, the difference between SC LEW and SC F344 rats seen in acquisition was attenuated across increasing ratio requirements. Overall, LEW rats exhibited a decrease in responding across incrementing FR schedules, whereas F344 rats did not. One explanation for the decrease in responding in LEW rats is that the amphetamine unit dose may not have been sufficiently rewarding in LEW rats to maintain responding as the FR requirement increased. In contrast, F344 rats may have regulated their drug intake across an incrementing FR schedule by increasing the number of responses on the active lever in order to reach their optimal drug level, as described previously by Lynch and Carroll (2001) . Alternatively, it is possible that LEW rats sensitized more rapidly to the reinforcing effect of amphetamine, thus reaching an optimal drug level with fewer infusions. Consistent with this latter possibility, locomotor sensitization to cocaine occurs more quickly and at lower doses in LEW compared to F344 rats (Kosten et al. 1994) .
The gene×environment interaction observed with amphetamine self-administration may reflect pharmacokinetic differences. While the pharmacokinetic profile of amphetamine has not been investigated in LEW and F344 rats, it is possible that environmental housing modulated the brain's bioavailability of amphetamine in these inbred strains. While further work is needed to address this possibility directly, at least one study found that environmental differences do not alter the brain's availability of [ 3 H]-amphetamine in outbred rats (Bardo et al. 1999) , suggesting that pharmacokinetics may not readily explain the gene×environment interaction observed here.
Results from the self-administration study also suggest that manipulations in environmental housing had a greater effect in F344 than in LEW rats. At the end of the acquisition phase, IC F344 rats self-administered significantly more amphetamine infusions compared to both SC and EC F344 rats. At the terminal FR5 of the incremented FR phase, IC F344 rats continued to earn significantly more amphetamine infusions compared to both SC and EC F344 rats as well as compared to IC LEW rats. These findings support the previous work suggesting that F344 rats may be more susceptible to conditioning and adaptations from environmental and biochemical stimuli. F344 rats show greater context conditioning, fear conditioning, and shock avoidance than LEW rats (Haile et al. 2001; Katzev and Mills 1974) . F344 rats also maintain cocaine selfadministration at higher levels than LEW rats, and it is thought that this may be due to greater conditioning to cues promoting lever pressing (Kosten et al. 2007 ). These behavioral effects may reflect genetic differences in mesolimbic DA function because chronic cocaine treatment in F344 rats, but not in LEW rats, reduces tyrosine hydroxylase in NAc and increases tyrosine hydroxylase and glial fibrillary acidic protein immunoreactivity in the ventral tegmental area (Haile et al. 2001) .
Results from the microdialysis experiment failed to find any differences in basal DA in NAc shell across strains or environments. While no previous studies have examined the effect of differential rearing environments on basal and amphetamine-stimulated extracellular DA in LEW and F344 rats, these results corroborate a previous research finding that there were no basal DA differences between LEW and F344 rats (Cadoni and Di Chiara 2007; Fernandez et al. 2003; Mocsary and Bradberry 1996) or between EC and IC rats (Bardo et al. 1995; Bowling et al. 1993; Jones et al. 1992) .
Although amphetamine produced an increase in extracellular DA (~300 % of baseline) across all groups, no significant differences in amphetamine-stimulated extracellular DA were observed between strains or rearing environments. These results were unexpected, as previous studies found differences between LEW and F344 rats (Cadoni and Di Chiara 2007) , between EC and IC rats (Bardo et al. 1999) , and between SC and IC rats (Jones et al. 1992) in extracellular DA following acute amphetamine. However, the amphetamine doses used in prior studies differed from the current dose (1 mg/kg). Higher doses were not used in the current study because they may not be behaviorally relevant. While two studies that investigated LEW and F344 rats or EC and IC rats used 1 mg/kg of amphetamine and found no strain-or environment-dependent differences (Bardo et al. 1999; Cadoni and Di Chiara 2007) , this does not exclude the possibility that other doses may have undercovered gene×environment differences.
Consistent with previous research, the current study found that F344 rats had greater basal extracellular DOPAC compared to LEW rats (Strecker et al. 1995 ). This strain difference was seen only within the IC environment, but not within either the EC or SC environments. Following amphetamine administration, between-strain differences in DOPAC were also found, with IC LEW rats showing attenuation in the amphetamine-induced decrease in DOPAC compared to IC F344 rats. IC LEW rats also showed attenuation in the amphetamine-induced decrease in DOPAC compared to EC LEW rats, which is consistent with results from a previous report in outbred rats showing that IC rats have less amphetamine-induced decrease in DOPAC compared to EC rats (Bowling et al. 1993) . In contrast, the current report found no differences in DOPAC across environments in F344 rats. Taken together, these results demonstrate a gene×environ-ment interaction in accumbal DA metabolism.
The lower level of basal extracellular DOPAC and attenuated amphetamine-induced decrease in extracellular DOPAC in IC LEW rats compared to IC F344 rats may be due to differences in metabolism, synthesis, and/or uptake of DA. In support of this, LEW rats have lower levels of tyrosine hydroxylase in NAc compared to F344 rats (Beitner-Johnson et al. 1991) . Since tyrosine hydroxylase is the rate-limiting enzyme in DA biosynthesis (Cooper et al. 2003) , LEW rats may have less intracellular DA for catabolism to DOPAC by monoamine oxidase (MAO), thus attenuating basal DOPAC overflow compared to IC F344 rats. Moreover, since amphetamine inhibits MAO (Sulzer et al. 2005) , between-strain differences in MAO activity may explain why IC LEW rats showed an attenuated neurochemical response to amphetamine compared to IC F344 rats. Further work is needed to elucidate the precise role of biosynthetic, catabolic, and uptake processes on the gene×environment differences in extracellular DOPAC observed here.
While gene×environment interactions were determined in both the self-administration and microdialysis experiments, the neurochemical data do not fully explain the differences in amphetamine self-administration. This may be due to how the amphetamine was administered across experiments as well as the amount of amphetamine exposure. In the self-administration experiment, rats received repeated IV infusions of amphetamine contingent on lever presses, whereas in the microdialysis experiment, rats received an acute, noncontingent amphetamine injection delivered subcutaneously. These differences in route of administration, contingency, and repeated exposure are a limitation of the current results. Lecca et al. (2007a, b) have shown differences in DA response in NAc shell following response contingent and response noncontingent cocaine and heroin. Future studies could investigate the gene×environment interaction by examining DA transmission during the amphetamine self-administration sessions.
In conclusion, the current study demonstrates gene×envi-ronment interactions using addiction-prone LEW and addiction-resistant F344 strains. In the case of amphetamine self-administration, strain differences were observed in standard housing conditions (SC) but were negated by more extreme environmental conditions, i.e., stimulus deprivation (IC) or stimulus enrichment (EC). Specifically, the IC environment made both strains addiction prone, whereas the EC environment made both strains addiction resistant. In the case of microdialysis, the strain differences observed in extracellular DOPAC in the IC environment were negated by both the social and enriched environments. Although the differences in amphetamine self-administration were not associated directly with DOPAC changes, the overall finding that strain differences did not occur in EC rats suggests that enriched environments buffer against the genetic risk for drug abuse.
